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I. PEAKU.IUI p +d., t + rr + TIPH BhiCOKOii 3HEPrMH 

1.1. Mexanu3M PyoepMaHa 

PeaKUHH 

p+d-.t+rr+ 

3 
p + d -> He + rr0 

/1.1/ 

/1.2/'. 

B Te'leHHe MHOrHX neT npHBneKanH BHHMaHHe 3KCnepHMeHTaTOpOB 
·.B . CBJI3H c npoaepKoii npHHUHna 3apH,noaoii CHMMeTpHH g,nepHbiX; cHn. 
Hac OHH 6y,nyT HHTepecoaaTh c TO'IKH 3peHHJI MexaHH3Ma. 

TiepBbiii pac'leT npou.ecca I 1.1/ 6.hm Bhmonnen.Py,nepMaHoM I z/ * 
B HMnynhCHOM · npH6nH»<eHHH. C'IHTanoch, 'ITO Me»<.UY naneTalOili.HM 

H CBJI3aHHbiM npOTOHaMH npOHCXO)J,HT peaKU.HJI 

+ 
p +p->d+rr, . /1.3/ 

nocne qero pO>K)J,eHHhiH ,neiiTpOH C neiiTpOHOM o6pa3yiOT JI,IJ,pO TpHTHJI. 
)J.nH ceqenHii npou.eccoa /1.1/ H /1.3/ 6Lmo ycTanoami:ino cne,nyrollf.ee 

COOTHOllleHHe: 

E +Ed. do 
[ v __,;;1T;....__ -- ( p p ~ d 1T +)] • 

PP E dU 
,d 

d 0 + --(pd :-- trr ) 
dU /1.4/ 

* AaTophi 6naro,napHbi O.B.Caa'leHKO, yKa3aarneMy HM na JTY 
pa60TY H 3KCnepHMeHTaflhHbie ,naHHbie flO peaKU.HHM /1.1/ H /1.2/. 
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L 

· 3,IJ;eCL 

-> 

/'( ()) 
-> ->... qt t (r,O) 

J 1ll d (r) exp (i-/).r) d 
3

r , 
'!' d (O) 

/1.5/ 

-) ~ -) -> _,. 

1p (r) H '!' ( P• r)- BOJIIIOBbie cPYHKQHH ,IJ;eHTpOHa H TpHTHH; r H 'P 
OTHOCHTenbHLie paCCTOHHHH Me)K,IJ;y n , p H HX n;eHTpOM TH:>KeCTH 

H TpeTbliM HyKnOHOM: 

/). 
1 1 
-k --q 
2 3 /1.6/ 

k'. H q .- HMnynLCLI npoTona H "-Me3ona n c.n;.M. 
IlyTeM nne,IJ;eHHH H,IJ;epnoro Kopa Emo,IJ;Many 12 1y.n:anocL nonylfHTL 

xopomee cornacne <iJopMynLI /1.4/ c 3KcnepnMeHTanLHLIMH ,IJ;aHHbiMH np11 
3HeprHH npoTonon 341 M3B n mJipoKoii o6nacTH yrnon. Il03)Ke, O,IJ;HaKo, 
BbiHCHHnOCb f3,4/ , lJTO C pOCTOM KJIHeTHlJeCKOH 3Heprnll HaneTaiOIIJ;liX 
npcnonon paclfeTnoe ceqen11e na,IJ;aeT cnJIUIKOM 6LICTpo 11 y)Ke np11 

. 3Heprnll "'700 M3B 3HalJuTenLHO HU)Ke 3KcnepJIMeHTanLHLIX ,IJ;aHHbiX. 
. ABTOpbl pa60TLI /5/ llOBTOpllnH BbiBO.D: <iJopMynLI /1.4/ 6onee aKKy
pa~HO, nonylfUB HeKOTOpOe OTnUlJlle B KJIHeMaTJilJeCKJIX MHO)KJITenHX, 
a TaK)Ke n cnoco6e 3KCTpanonHIJ;llll ceqenJIH peaKn;llii /1.3/ no MaccaM 
BUpTyanLHbiX qaCTJIU /o6 3TOM CM. HJI)Ke/. IlyTeM Bbi6opa 6onee 
peanJicTJilJeCKliX nonnonblx <iJyu:Kuuii 1ll d u 'P 1 JIM y,IJ;anocL ynyqmJITL 
cornac11e c 3KcnepnMenTanLHLIMH ,IJ;aHHLIMH B o6nacTll ManLIX yrnon 
BLineTa " -Me3ona, o,n:naKo, n o6nacTll 6onLmJix yrnon pacxo)K,IJ;euJie 

OCTanOCb 3HalJJITenLHbiM. 
,ll;nH TOrO lJT06bi llOHHTb nplllJIIllbl 3TOrO paCXO)K,IJ;ellliH, paCCMOT• 

pliM ,IJ;UarpaMMY, li306pa)KeHHYIO Ha puc. 1, KOTOpaH COOTBeTCTByeT 
o6cy)K,IJ;aeMoMy Mexauli3MY. AMnnuTy,IJ;a, oTneqaroiiJ;aH 3Toii ,IJ;HarpaMMe, 

JIMeeT BH,II;: 

A 

X 

- 2 1 
r V(h;·r* (q J ---=.y r 

I t ~3 5 p 

~ 1 . 
n + M ~ r (Q 2) -= ·Y e (d) X /1.7/ 

2 2. d ~ 2 v v n - MN 

" g - d'. d' 2 

RA. U(p) f!A ll 'A /M d 

d 4Q 

p ,2 _ M 2 
N 

d,2 _ M 2 

d 

4 

( 2 17) 4 

3,IJ;eCL 'V (h) , .e (d) 

Q 
1 ' , :. 

= -'(P ·- n 
2 

M d'.-N .. 
q 

M 

1 
!). = --'-(P 

3 . 
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--

MMnynLcbi qacTHQ o61 

puc. 1. 

·r r q 2 J 
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/1.5/ 
.. 

-·) -+ 

Ha H TpHTHH; r H p 
H HX u;eHTpOM TH:>KeCTH 

/1.6/ 

.M. /2/ 
lHY y~anoch nonyqHTh 
:HTanhHbiMH ~aHJihiMH npH 
u yrnoa. llo3:>Ke, o~naKo, 
<OH :mepruu naneTaiOI.QHX 
KOM 6hiCTpO H yme npH 
epHMeHTanhHhiX -~aHHhiX. 
tMynhi /1.4/ 6onee aKKy
raTuqecKHX MHO:>KHTenHX, 
teaKUHH /1.3/ no MaccaM 

llyTeM · Bhi6opa 6onee 
HM y~anoch ynyqiiiHTh 

a o6nacTH ManhiX yrnoa 
hiiiHX yrnoa pacxom~enue 

t pacxom.neHHH, paccMoT
KoTopaH COOTBeTCTByeT 

~qaiOI.QaH JTOH ~uarpaMMe, 

1 
-='·Y e (d) X 

'y2 II II 
/1.7/ 

' 4 4Q 

( 2 TT) 4 

3~ech V (h) , .e (d) 
H U (p} - aonHOBbie cPYHKUHH t , d H p 

Q 
1 , 

= -'(P ·- n), 
2 

M d'·- M ·n 
N · · d 

q 
M + M 

N d 

/1.~/ 

Q + <\ , /1.9/ 

/1.10/ 

J1MnynhChl qaCTHU o6o3HaqeJihl B COOTBeTCTBHH C o603HaqeHHHMH na 

puc. 1. 

. 2 
·f ( q ) 

t 

+ N--TT(K) 
; n l t<l1J 

Puc. 1 

H r. ( Q 2) - aepiiiHHHhl~ cPYHKUHH pa3aana H~ep t H. d 
d 

-c 
R = U (p') RA. U (p} ek (d'). 

/l.ll/ 
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· llpH 6onhiuHx Q no,nhiHTe rpaJibHoe Bbipa)KeHHe B . I 1. 7 I Mano 
6naro.napn HaJIHqHro aepwHHHbiX cPYHKUHii if: nponara Topoa. lf3- 3a Toro, 
qTo apryMeHTbl BepWHHHbiX cPYHKUHH C.il;BHHYTbl Ha ·!:!. , o6naCTb CXO.iJ;H· 
MOCTH HHTerpana II. 7 I Q max J?.!:!. • 

ECJIH /). MaJIO, TO aMnJIHTy,ny peaKUHH 11.31 H pn,n; ,npyrHX qJieHOB 
a II. 7 I MOiKHO cqHTaTb cna6o MeHHIOIUHMHCH a o6nacTH cxo,nHMOCT-H. 
H BbiHeCTH 3a 3HaK HHTerpana. 

-·1 ... 1 ... ". 
A= V (h) -.y y (n· + M )-=.. y e (d)(p.'·- M ) R U (p)(g J3 5 Jl N v 2 v v N A /l.A 

3.necb · o6o3HaqeHo 

d4Q •r* (q 2)T (Q ~ 
t d r--

. (2rr) 4 (n 2 -M 2 )(p'~-M 2)(d'LM 2 ) 
N N d 

J 

. d'. d'. 
_...J_..A_)J .. 

2 

M a 11.121. 

11.131 

J co,n;epiKHT no,n HHTerpaJIOM ,nae BepWHHHhie cPYHKUHH, apryMeHTbl 
KOTOpbiX C.il;BHHYTbl Ha tl. ll03TOMY C pOCTOM d f 6biCTpO na,naeT. 
3THMH' npHqHHaMH 06'hHCHHeTCH MaJiaH BeJIHqHHa J npH BbiCOKOH 
3HeprHH HaJieTaiOIUHX npOTOHOB B o6JiaCTH 60JibuiHX yrJIOB BbiJieTa 

TT ·Me30HOB lo6JiaCTb MaKCHMaJibHbiX /). 1: 
. llonyqHM H3 11.121 cPOPMYJIY 11.41. llpH 3TOM CTaHyT HCHbl 

,nonOJIHHTeJibHble npe,nnoJIOiKeHHH, KOTOpbie HYiKHO C.il;eJiaTb. 
llpeo6pa3yeM Bbipameuue /1.131 .nnn J BCHCTeMe noKOH .neiiTpo

ua, npeue6peran a 3HaMeHaTene qneuaMH BToporo nopn,nKa no Q0 
H 3HeprHHM CBH3.H I3TO .· MOiKHO C.il;eJiaTb,. eCJIH KHm!THqecKaH 3HepritH 
TpnTHH Mana no cpaaueHHIO c ero Maccoiil; 

HJIH 

p'·2- M2 
N 

... 2 
M Q - (Q + M t: ) 

d 0 N d 

d'.2 -M 2 =2M q 
d d 0 

-> 2 8 
-(q +~M c) 

3 N t 

2 2 ... 2 
n - M = - M Q - (Q + M c ) 

N d 0 N d 

2 . 
n2- AJ2==-M q -(q2+ -M c ) .. 

N d 0 3 N t 

6 

'-:· 

3.nech 

c =·2M - M 
d. N. 

c = M + M 
t N d 

llOJib3YHCb 3THMH 
pHpoaanue no Q

0 
H no; 

,!·.,--
12M r< 

N 

Bbipa3HB aepWHHbi a c 
cPYHKUHU hI ' . 

I'(q 2) 
- ... 2 

.,j2M (q /2m 
' d · ... 

r.ne m - npuae.neuuan 

" 11.91 

.I 
tM 

2 

N 

f 'l' d ( 

Ecnu .nml r t BOC 
Keu6eKnepoM, fonb,n6eJ 

. ... 

I=-'-r'P·(rJ 
4M2 . a 

N. 

,l(nn Toro q_To.6hi I 1.16/ . . . .. . 
uo npe,n;nonmKHTh, qTo 

. .HK06H. O,nHaKO MOTHBH 
qTo aupTyanhHhiii .neii· 
paCCTOHHHeM MeiK.iJ;Y H) 
HbiX BbiqncneHHH. 



1a:>KenHe a · I 1. 7/ Mano 
maraTopoa. ll3- 3a Toro 
na .(). , o6nacTh cxo,nH-

.3/ H PHA ,npyrHX t.JneHOB 
B o6naCTH CXO,I:(HMOCTH 

o)(g/lA 

.· d'. d'. . >. 
- ..:-lL-)1. 2 . 

M . 
d /1.12/ 

2---

l ) 

/1.13/ 

' 

• 1e IPym<UHH, apryMeHThi 
..r .1 J 6biCTpo 11a,naeT. 
IR'lHHa ] llpH BhiCOKOll 
6onhiiiHX yrnoa BhmeTa 

Ipu JTOM cTanyT HCHhi · 
KHO c,nenaTh. 
3 ·cHCTeMe IIOKOH ,neiiTpO
·oporo IIOpH,nKa 110 Q 0 
H · KHHeTnqecKaH Jnepriln 

I 
. ! 
I 

I 
I 

.·. 

3,nech 

(d 2M - M 
N a' 

(=M+M-M. 
N d t 

Ilonh3YHCh JTHMH COOTHOilleHHHMH, BbiiiOnHHeM B /1.13/ JII!Ter-

pHpOBaHHe 110 Q
0 

H 11onyqaeM 

J =- ---
12M 

N 

/1.14/ 

Bhtpa3HB aeplllHHhi a o.nnoqacTHl{HOH Mo.nenH H.npa qepe3 aonnoBhie 

IPYHKUHH 171 . 

. -- ->2 y 2M ( q 12m + £) 'P ( q) , 
d 

/1.15/ 

r.ne m - .IIPHBe.nennaH Macca 11po,nyKTOB pac11a,na, HMeeM H3 /1.15/ 

H /1.9/ 

.... -> .. 

f 'l' (?)'P*(rJ exp (-i Ar) d 
3
r 

tM 2 d I . 

/1.16/ 
J 

N 

EcnH ,nnH r t BOCIIO.rib30BaTbCH Bblpa)KeHHeM, IIOnyqeHHhlM Enan

KeH6eKnepoM, ronh,n6eprepoM H XanbllepHOM Is! , TO .. 

/1.17/ 

,[(n» Toro qTo6hi /1.16/ HnH /1.17/llpnaecTHKIPopMe /1.5/, ,nocTaToq
H<l llpe,niiO.iJO)KHTh; q'fo W

1 
(rJ.ncniycKaeT $aKTOpH3a:U:HIO B KOOp,I:(HHaTaX 

JlK06H. Q,nHaKO MOTHBHpOBKa 3TOrO, OCHOBaHHaH Ha YTBep)K,neHHH 0 TOM, 
qTO BHpTyanhHhlH ,neil:TpOH xapaKTepH3yeTCH ManhlM · OTHOCHTeJlhHblM 

i 
paccTOHHHeM Me)K,ny nyKnonaMH tl· 51, neaepna, KaK au.nno H3 11po,nenan-

HhlX Bbll{HCneHHH. 
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B03Bpa~aHCb K Bbipa:>KeHUJO /1.12/, npeHe6peraeM B HeM CXO~OM 
.· C MaCCOBOH noaepXHOCTU BUpTyanLHbiX qacTU~. 3TO OTHOCUTCH KaK 

K 3KCTpanonH~UU aMnnuTy~LI. peaK~UU /1.3/ no· MaC CaM p U d , TaK 
n'K• cnUHOBOH CTPYKType npo~ecca. Ilocne 3Toro nonyqaeM 

~ lA 12 
spin 

"'16M 3 M, 111
2 ~ IRI 2 

.. 
N ·spin 

0TKy~a 

da M ·s 
·(pd ... t 17 +J = __!_ :._!!_ 

k 1T t k pp 

k k 

2 2 da 
14M II -(pp-+drr+), 

N dO dO . 3M s 
.C.~.M. N pd pd rrd c.~.M. 

3~eCL s - U k ·KBa~paT nonHOH 3Hepruu U UMnynLC COOTBeTCTBYJO~UX 
nap qacTU~ B UX C.~.M. 

Ilpu nOACTaHOBKe ceqeHUH peaK~UU /1.3/ B /1.18/ UMeeTCH 
HeKOTOpbiH npOU3BOn. · He onpe~eneHLI KaK UMnynLC . BUpTyanLHOrO 
npOTOHa, KOTOp~IH MO:>KeT MeHHTLCH B npe~enax o6naCTU CXO~UMOCTU 
UHTerpana /1.7/, TaK u cnoco6 3KCTpanonH~uu ceqenuH no MaccaM 
aupTyanLHLIX qacTu~. B I d ceqenue no~cTaBnHnocL npu k P = k d 

u <PuKcupoaaHHOM yrne pacceHHUH. B h/npu 3KCTpanonH~ul ceqetuH 
tPUKCUpOBanUCb UMnynLCLI qacTU~. IlpuqeM p '. BLI6upanOCb MUHUManL
HbiM npu ~aHHLIX p U k . 

):(u<P<iJepen~uanLHoe ceqenue npo~ecca /1.1/, BLiqucnennoe no 
<lJopMynaM /1.16/ u /1.18/ ~nH yrna BLineTa rr···Me30HOB 180 o ,noKa-
3ano Ha puc. 2 nyHKTUpHOH nUHUeii. llpu pacqeTe 6LinU UCnOnL30BaHLI 
s- BOnHOBaH qacTb tPYHK~UU MaK- ru /9/ ~nH ~eiiTpOHa u rayccOBCKaH 

<iJopMa ~nH TPUTUH h o~ Ceqenue peaK~uu /1.3/ no~cTaBnHnocL npu 
s U yrne pacceHHUH, COOTBeTCTBYJO~UM BUpTyanLHOMY npo~eccy 

PP · 
na ~uarpaMMe na puc. 1 npu Q = o 

1.2. Mexauu3M oouonuouuozo o6Mena 

B nuTepaType U3BecTeH TaK Ha3LIBaeMLiii MexaHU3M o~nonuonno
ro o6Mena, KOTOpLiii 6Lm ucnonL30BaH npu pacqeTax ceqenuii peaK~uu 
/1.3/ l1d* u ynpyroro p d -pacceHHUH na3a~ lu.14. 12/ u ~an xo-

* CM. TaK:>Ke ccLmKu a/12/ 
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e6peraeM B HeM CXOAOM 

Ill;. 3TO OTHOCHTCH KaK 

~o· MaccaM p H d , TaK 

·o nonyqaeM 

2 2 du 
If /1.-.--(pp-+dTT+), 

N dO 
· · _c.n;.M. 

rrynhC COOTBeTCTBYIOIUHX 

.3/ B -~~ .18/ HMeeTCH 

HMnynhC BHpTyanhHOrO 

laX o6naCTH CXOAHMOCTH 

~H ceqeHHH no MaccaM 

nHnOCb npH k pp = k pd 

3KCTpanonHIJ;HH ceqeHHH 

. Bbi6HpanOCb MHHHManb • 

fl.l/, Bhi'!Hcne~Hoe no 

·Me30HOB 180 , noKa· 

eTe 6binH .HCnOnh30BaHbl 

~euTpoHa H·rayccoacKaH 

l.3/ nOACTaBnHnOCb npH 

BHpTyanbHOMY npoueccy 

H MeXaHH3M OAHOnHOHHO • 

cqeTax ce'!eHHH peaKn;HH 

/u.14. 12/ H Aan .xo-

\ 
\ 
\ 
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\ 
\ 
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\ 
\ . 
\ 

05 . . 
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\ 
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Pile. 2 
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II 

poiUne . pe3yJILTaThi. PaccMoTpnM· BKJiaA ananornqnoro· MexaHH3Ma 
B cetJeHHe peaKUHH 11.11 H 11.21. COOTBeTCTBYIOI.QaH AHarpaMMa 
H306pa:>KeHa Ha pHC. 3. 0TBetJai01UaH eif aMnJIHTYAa HMeeT BHA .. 

A 
d 4 q - 1 .r- v (hJ r* (q 

2J -'·r Y 
·(2 11)4 t .J3 5 fl 

2 

" n·+ MN 

n 2_ M2 
N 

y fiG X 

5 

(g -d' d'. /M ) 
uv fl v d .F(k'.2) r eA. 

X 'u (p) 2 v A 
k , 2 2 d' 2 - M ·-fl d 

11.191 

3AeCh noMHMO o6o3HatJennii, ncnoJih3yeMhiX a 11.7 I, BBeAeHhi cneAyio
I.QHe: G - KOHCTaHTa CBH3H 11 -N ; G 2 /4 71 == 14,7; F (k '2)" tiJopMtiJaK
Top <I>eppapn- Cennepn 1151 

fl2 -k, 2 

· F ( k '· 
2

) = ( 1 + fi 
60 ll 

2 

ytJHThiBaiOI.QHH CXOA 11 ·Me3ona c Maccoaoii noaepxnocTn; 

T = e* TVA e A 
v 

• aMnJIHTYAa rrd ·pacceHHHH. 

11.201 

06o3natJeHHH 4-HMnyJihCOB tJaCTHU I;OOTBeTCTBYIOT 0603HatJeHHHM 
na pnc .. 3. IIocK~JihKY HHTerpan no q B I 1.19 I 6hiCTpo CXOAHTCH 3a 

P · ' n ~P >· t( h) 
rr+cK'f, 

r1 ~ 

Pnc.3 

10 

,· 

ctJeT aepiUHHhi:'.f (q • . . t .. 
. tPYHKUHH MO:>KHO BbiH€ 

l6yAeM c'q:HraTL, 'ITO 

npeo6pa30BaHHHnOJIY 

A ,;·v.-fGF(k'· 2)(g. 
.· fl 

" x V(h)y (n·- MN) 
fl 

rAe 

I 
d 4q 

r-J4 . (211 

IIocKOJihKY non 
HhiH nponaraTopoM 11 

CTH H~Ter:paJia, TO 
nonyqaeM 

rAe 

K 

I = 
k-.2- fl" 

~" 

. d 4q 

K =;) (211) 4 

. IIpene6peraeM 
tiJopMyJIOH /1.151 H 
3TO MO:>KHO CAeJiaTh 



UIOrHqHoro MeXaHH3Ma 
rcTBYIOI.l.\a.H ,n;narpaM:M:a 
y,n;a HMeeT BH,Il; . 

-y {2G X 

5 

e ,\ .. 

/1.19/ 

I 1. 7 I, nne,n;eHhi cne,n;yio • 
r,7; F(k'~r ¢opM¢a~<· 

Bepxnoc_TH; 

/1.20/ 

ieTC:iTBYIOT 0603HaqeHH.SIM 
9/ 6hiCTpO CXO,Il;HTC.Sl 3a 

=E>t(h) 

.. + .... 
- ,_7j(J<) 

.~· . 

cqeT nepiiiHHhl:: .f t (q 2) HnponaraTOpOB qaCTHU, Me.n;neHIIO Meli.HIOI.l.\HeC.H 
cPYHI<UHH MO)I(IIO BbiHeCTH 3a 3Hai< HHTerpana,'nOnO)I(HB B HHX · q = 0 
/6y,n;eM c'qnTaTh, qTo Tv,\ y,n;onneTBOp.H€n 3TOMY Tpe6onaHHIO/. llocne 

npeo6pa3onaHH.ll nony'!ae~ : 

A=..j 2 GF(k' 2)(g -d'-d'-/M
2
)T-e -x 

3 p.v P. v d vX ,\ 

.. 
x V(h)y (n·- MN)U(p) ·I, 

p. 

r.n;e 

I 

/1.21/ 

. /1.22/ 

lloci<onhi<Y nonroc n no,n;hiHTerpanhHOM Bbipa)l(eHHH, o6ycnonneH·· 
HbiH nponaraTOpOM 11 ·Me3oHa, HaXO,Il;HTC.Sl ,n;anei<O OT o6nacTH CXO,IJ;HMO· 
CTH HHTerpana, TO (k '2- p. 2)-1 MO)I(IIO BbiHeCTH 3a _3Hai< HHTerpana; 

nonyqaeM 

r.n;e 

K 

I = 

d 4q 

K = J--
(211)4 

[* (q 2) 
t 

/1.23/ 

llpeHe6peraeM B r * BHeMaCCOBbiMH 3cPcPei<TaMH H BOCllOnb3yeMC.Sl 
ciJopMynoii /1.15/ H Hep~n.HTHBHCTCI<OH BOnHOBOH 'cPYHI<UHeH TpiiTH.ll. 
3TO MO)I(HO c,n;enaTb npH 6biCTpOH CXO,IJ;HMOCTH HHTerpana. llocne 3TOrO 

II 



I 

II 
[I 
:! 

II 
i! 
li r I 
': 
•I 

J: 
t 

:r 
!i 

K nerKo Bhl'mcmieTCH. Ecnn orpaHnqHThCH S -:BonHoii . .n:nH 'lit n nc
nonhJOBaTh rayccoBcKoe pacnpe.n:eneHue, TO nonyqnM K"' 4,1.10-3 .. 

Mo:>KHO He ,IJ;enaTh npe.n:nonO)KeHHH OTHOCHTenhHO noBe,IJ;eHHH 
•J~ (q 2) BHe MaCCOBOH noBepXHOCTH, JaMeHHB ero ,!l;pyrH,M /12/. ~nH 3TOI'O 
JanmueM ,IJ;nH I ,!l;HCnepcHOHHOe COOTHOIIIeHHe 6eJ BhlqHTaHHH no t , 

r.n:e t = (k - d)2 .. 
.Bnn:>Kaii:IIIeii oco6eHHOCThiO I HBnHeTCH aHoManhHhiH nopor npn 

( v 

,. M 2 + 3
11 

( ll + 2 y-t-). BBn.n:y ero 6nHJOCTH K lbnJnqecKoH o6nacTH 
a d 3 

npeHe6peraeM BKna.n:oM OT HOpManhHoro paJpeJa H nonyqnM 

t 

/1.24/ 1.( t) "' ..!.... 
H 

I dt 
' iT t'.- t 

t 
a 

rtie t H = ( 11. + At d ) 
2 

- nono)KeHne HOpManhHoro nopora. 
] m I (t ') Haxo,n:HTCH no npaBnny Ka TKOCI<oro / 16! 

. 1 
1m I (t) = -. - I d 4 q f' 8 ( n ~ - M 2 

) 8( d' ~- M 
2

) O(k ' 2
- 11. 

2 )()(n )6( d' ) (J(k ') . 
4TT t N d 0 0 0 

/1.25/ 
BepiiiHHa Bxo,n:nT cro,n:a npn q = 0 n He HY)KHO JHaTh ee noBe,n:eHne BHe 
MaCCOBOH noBepXHOCTH. 

BhiqHcnHH HHTerpan B I 1. 25/, nonyqaeM II 6! 

]m I (t) = 
8
1 

[(M 2 + M 2
- t/- 4M

2
M

2
] -~~ 

t N N t 

llO,D;CTaHOBKa B /1.24/ ,n:aeT K "'5,4.1 0 - 3 , qTO HeCKOnhKO 6onhiiie 
JHaqeHHH, nonyqeHnoro Bhiiiie. 

C pocToM :meprnu, npn. y,n:aneHHH oT aHoManhHoro nopora Be
nnquHa 1 na,n:aeT He TaK 6hiCTpo KaK ] B npe,n:hi,n:yiiJ;eM paJ,n:ene. 3To 
CBHJaHo c TeM, qTo ocHoBnaH qacTh nepe.n:aHHoro HMnynhca nepeHo
CHTCH iT. ·MeJOHOM BBH.D:Y cna6oii: JaBHCHMOCTII F(k' 2

). llo3TOMY B 
HHTerpane Cyll{eCTBeHHhl Manhie q H •f t (q2J He BHOCHT ,n:ononHHTenhHOH 
ManOCTII •. 

12 

~· 
II 

·"' 

~ 
~ 
''-,{ 

··~ 

llpn q= o npoM 
MaCCOBOH noBepXHOC 

~ (pd _, ~"r~ -~~ 
dO 

Ha pnc. 2 cnno 
MOCTh .n:nlbdJepe:Hu;nam 
BhineTaiOll{HX HaJa,IJ; .B 
no,n:cTaBnHnoch npn diE 

p 

a) 

tt h) 

p 

6) 

i (h) 

* 3,n:eCh OnHTh 
BaThs dii tTTd'O,n; 
pacceHHnH Ha 6onhiiiHI 
C 3KCnepiiMeHTOM xy:a 



5 ~ BOITHOH ,IJ,ITH 'll t H HC
nony'IHM K"" 4,1.10-3 .. 

lHOCHTeiThHO llOBe,IJ,eHHH 
·o .n.pyrHM /12/. ,[(nH noro 
~e3 n~'I~TaH~ii no t , 

aHoMaiThHhiH nopor npn 

Ii K lPH3HlJecKoii o6nacTH 

:3an nony'IHM 

) nopora. 
Koro / I6/ 

/1.24/ 

'~-~ 2)(}(n )(}(d' )O(k'). 
0 0 0 

/1.25/ 
JHaTh ee none.n.eHHe nHe 

lz6l 

, 'ITO HeCKOITbKO . 60ITbllie 

lHOMaiTbHoro nopora ne
>e,IJ,hi.U.YIUeM paJ.n.ene. 3To 
.HHOrO HMITYITbCa nepeHO· 
;TH F ( k ,_2) .. II03TOMY B 
e BHOCHT ,IJ,OllOITHHTeiThHOH 

r 
IIpn q = o npoMe)l(yTo'IHhH~ npoToH H .u.eiiTpoH HaXO.IJ.HTCH Ha 

Macconoii · nonepxHoCTH. l1o3TOMY H3 /1.20/ 11 /1.21/ nonyqaeM 

/1.26/ 

Ha pnc. 2 cnnomHoii nHHHeii noKa3aHa 3HepreTH'IecKaH Janncn
MOCTh ,IJ,HlP4JepeHUHaiThHOrO CelJeHHH peaKUHH /1.1/ ,IJ,ITH 17 ·Me30HOB, 
BhineTaiOIUHX HaJa.n. n c.u.M. Ce'IeHne npouecca 17d -pacceHHHH Ha3a.U. 
llO,IJ,CTaBITHITOCb npH lPHKCHpOBaHHbiX ·s 

17 
d H (} 

17 
d- yrne pacceHHHH '* 

t(h') 

a) 

t{ h) 
p' 

6) 

Pnc.4 

* 3.n.ecb onHTh HMeeTCH npon3non. Mo)I(HO, HanpnMep, lbnKcnpo-
naTh s d H t 

17 
d'O.n.HaKo aHanorH'IHhie pacqeThi .n.nH ynpyroro p d -

pacceHHHH Ha 6onhmHe yrnhi /1 2 / noKa3hiBaiOT, 'ITO npn 3TOM cornacne 
C 3KCnepHMeHTOM Xy)l(e. 

13 



· ... . . . 
3~crrepu~eHTaJibHb~e ,IJ.aHHbie B3HTbl H3 pa6oTbdi7/ ~PH cos eiT d =-0,998~ 

. -'3uepreTH'IeCKaH o6JiaCTb, B KOTOpOH · 6biJIH IIOJiy'leHbl 3TH ,IJ.aHHbie, 
orpaHH'IHBaeT 3HeprHH, ,IJ.JIH KOTOpbiX MO)KeT 6biTb IIpOH3Be,IJ.eH paC'IeT. 
BH,IJ.HO., 'ITO B paiione T p = 1,1 r3B KPHBaH o6pa3yeT IIHK. HMeiO~HeCH 
3KCIIepHMeHTaJibHbie ,IJ.aHHbie * He IIpOTHBOpe'laT 3TOMy. 

Ha TOM )Ke pucynKe rroKa3ana yrnoBaH 3aBHCHMOCTb, pacc'IHTan
HaH rro !lJopMyne /1.26/. CeqenHe peaKUHH lTd -pacceHHHH rro,IJ.cTaBnH
nocb IIpH ()IT d ,CBH3aHHOM CJie,IJ.yiO~HM o6pa30M C 0 ·yrJIOM BbiJieTa 

IT ·Me30HOB B peaKUHH /1.1/ . . 

cos 0 
lTd 

----(M 2+k' 2-2-J(k' 
2 

+M
2

)(k -2 +k' 2)-u),/1.27/ 
2k k' d IT d d IT d 

r,IJ.e 

k 2 = 
lTd 

lTd lTd 

(siTd -Md2_k'.2)2-4M2k, 2 
d 

tf,s 
rrd 

/1.28/ 

II. PACCE.HHHE H ITEPE3AP.H,LJ.KAITPOTOHOB HA3A,LJ. 

HA R,LJ.PAX He 
3 

H t 

2.1. H3omonuttecKue aMn/lumyobz 

PaccMoTpHM cne,IJ.yiO~He peaKUHH 

.3 .3 
p. + He .... He + p , 

p + t ... /le.3 + n ' 

p+t->t+p 

/2.1/ 

/2.2/ 

/2.3/ 

' * . . ,lJ.aHHbie IIpH 'T = 0,93 - 1,17 r3B IIOJiy'leHbl H3 cneKTpOB, 
H3MepeHllblX B pa6oTe Pfisi,H IIpHBO,IJ.HTCH 6e3 OlliH60K. 

14 

. ' 

' .. \ 

~ . 

t, 

CooTa(ncTayro~ 
A 

3 
• liy,IJ.eM Kmic'cH.(lm 

CIIHHY B ~-t -KaHane. ) 
BeKTOpHOMY o6MeHy, 
3aiiHCa Tb COOTllOllleHH; 

A =A +.A 
I s v 

A = k-·-,: A-
2 s I 

A := 2A . 
.3 v 

,[J.JIH TOro 'ITOC 
H30TOIIH'IeCKHX aMIIJIH 
/2.1/ u /2.2/, ue cc 
/2.3/. Y,IJ.06Hbl,IJ.JIH 3TI 
MH !lJparMeHTOB H e3 H 
'ITO B ·. 3THX rrpouecc 
,IJ.HarpaMMbi j u rrpeuec 
C'IHTa Tb, 'ITO BbiXO,IJ.bl 

N .3 
lie 

N 
t 

a + a 
I 2 

a 
.3 

J,IJ.eCb o603Ha'leHHH C{ 
Pac'leT aMIIJIHT) 

aBTOpaMH B /J9f 06Cy)K 

B 'Av, 

2. 

PaccMoTpHM .D.H 
puc. 4a. O,IJ.Ha H3 Bl 
peaKunu/1.1/.Ecnu 3~ 
o,IJ.norruomioro o6Mena. 
CTaBHTb B BH,IJ.e, H3 
pa3,IJ.ene '1.2, ,IJ.uarpa!V 
K 4JH3H'IeCKOH:06JiaCT 
HMIIYJibca. llo3TOMY M 



117/rrim cos() d=-0,998. 
" TT 

aonyqeHhl 3TH ,naHHhie, 
:Th npoHJBe,neH pacqeT. 
aJyeT llHK. lfMeiOIUHeCH 
aT 3TOMy. 
BHCHMOCTh,paccqHTaH~ 

·pacceHHHH no,ncTaBnH
:lM ·c () -yrnoM BhmeTa 

(k .2 +k'2)-u),/1.27l 
Ttd 

11.281 

>QTOHOB HA3A,l( 

12.11 

12.21 

12.31 

,·.: 

ronyqeHhi HJ cneKTPOB, 
UH60K. 

.. . ' ... 
; . 

CooTBeTcTByromue HM aMnnHTY.D:hi o6o3HaqJIM qepe3 A : A H 
A 

. 1 2 

3 
Ey,neM Knaccu<J;Ju:u;upoBaTh TaK)Ke aMnnHTY.D:hi no H30TonuqecKoMy 

cnHHY B t -KaHane. AMnnHTY.D:hi, OTBeqaromue H30cKannpHoMy H H3o:
BeKTOpHOMY o6MeHy, o6o3HaquM qepe3 A H ·A . JlcHo, qTo MO)KeM . s . v 
JanucaTh COOTHOIIIeHHH 

A A + A 12.41 
1 s v 

A A._, A 12.51 
2 s v 

A- 2A 
12.61 

3 v 

,l(nH TOrO qT06hi BhlHCHHTh COOTHOIIIeHHe Me)K,ny BKna,naMH 
H30TOnHiJeCKHX aMnnHTy,n, MO)KHO li3MepHTh cyMMY ceqeHIIH peaKUIIH 
12.1/ u 12.21, He co,nep)Kamyro HHTep(j;lepeH:u;mr, H ceqeHHe peaKUHH 
12.31. Y.no6Hhi .nnn JToro peaK:u;HH KBa3Hynpyroro Bhi6HBaHHH npoToHa· 
MH (j;lparM:eHTOB He3H · H3 H3ocKannpHhiX n,nep. B npe.nnono)KCHIIH, 
qTO B 3THX npo:u;eccax .D:OMHHHPYIOIUHM HBnHeTCH BKna,n noniOCHOH 
,nuarpaMMhi I n npeHe6peran _JneKTpoMarHIITHhiMH nonpaBKaMul, MO)KHO · 
cquTaTh, qTo BhiXO.D:hi n,nep He 3 H cooTHOCHTCH cne,nyromuM: o6pa3oM: 

N 3 
He 

N 
t 

a + a 
I 2 

a 
3 

1 a 
2(1+~). /2.71 

v 

3,neCh 0603HaqeHHH ceqeHIIH COOTBCTCTBYIOT 0603HaqeHHHM aMnnHTy,n. 
PacqeT aMnnHTY.D:hi As B nonrocHOM npu6nH)KCHHH npoBo.n.Jincn 

ainopaMH B I I9j 06cy)K,naeMhiH 3,ne Ch o.nuonHOHHhiii M:exannJM ,naeT BKna.n 

B ·Av, 

2.2. H3oaeKmopHbJU o6MeH 

PaccMoTpHM .nnarpaMMY .nnn peaKUHH 12.31, uJo6pa)KeHHyro ua 
puc. 4a. O.nua H3 BepiiiHH 3TOH .nuarpaMMhl co,nep)KHT aMnnHTY.D:Y 
peaKUHH I 1.11. Ecnu JTa peaK:u;HH ocymecTBnneTcn 3a cqeT MexaHHJMa 
o,nHOllHOHIIOrO o6MeHa, TO paCCMaTpHBaeMyiO. ,nHarpaMMY MO)KHO npe,n
CTaBHTh B BH,ne, HJo6pa)KeHHOM Ha puc. 46. KaK yKaJhmanoch B 
paJ,nene '1.2, ,nuarpaMMa ua puc. 4a HMeeT auoManhHhiH nopor 6nHJKO 
K l):lHJHqecKoii o6nacTH pacceHHHH H cna6o JaBHCHT oT nepe,nanuoro 
HMnynhca. IloJTOMY MO)KHO O)KH,naTh 6onhiiioe ceqenue. 
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Ananorn•man AH_arpaMMa HMeercn An» npouecca p d -pacceHHHH 
naJaA. TaM ona B Jnaqnrenhnoi crenenn nepeceKaercn c nonmcnoi 
AHarpaMMoi HJ·Ja nyKnonnoro nonmca B. aMnnnTyAe peaKunn /1.3/. 
no ::iroi npnqnne B aMnnnrytie npouecca nx nenhJH cKnaAhiBaTh H na 
3KcnepUMCHTe uenh3H OTAenHTh OAHY OT Apyroi. 

· ~nnpeaKuuii /2.1/-/2.3/ cnryauun npmue.TionmcnaHAHarpaMMa 
H AHarpaMMa 11a puc. 4a ue nepeceKamrcn, TaK KaK oraeqamT paJHhiM 
aenuqnnaM uJoronnqecKoro cnnua B t -KaHane. 3uan uJ onhiTa a 

a , a_. , HX nerKO OTAenHTh. 
I 

2 . ~ 

3annmeM BKnaA B UJOBeKTOpHym aMnnHTYAY AUarpaMMhl Ha 
puc. 4a. 

d 4q 
..~ ·,._, r --'---

v (2rr} 4 

F(k 
2

) 

U (p,) G k 2-

2 

n + M 
N 

n 2_ M 2 
N 

(g - d cl /M a) 
X fl II /1 II 

d 2- M 2 
d 

v ( h,) A II u (p ) 

1' ( q 2) J y y V (h) X 

t y3 5 11 

/2.8/. 

3Aech ncnonhJOBaHhi o6oJnaqeuun, BBeAeHHhie panee H yKaJaHHhie ua 
pnc. 4a. KpoMe roro 

" 
A= V(h')i

11
U(p)e

11 
/2.9/ 

- aMnnnTyAa peaKUHH I 1.1/. 
~anhneimne pacqerhi npoHJBOAHTCH auanornquo TOMY, KaK :no 

AenaeTCH AnH AHarpaMMhl Ha pHC. 3 B pa3Aene 1.2. 
B peJynhTaTe nonyqaeM An» a 3 

cla G F (k 2) I M 
/2.10/ 

·Jii- = Bk21 
2 spd kpd da N 

c.u.M. k 2 2 
I -k- dn- (pd-. trrJ. 

- f1 s pt Pt c.u.M. 

16 

; 
! 

3~ech ace aennqnn~ 

aMnnHTYAhi peaKUHH. 
!lJnKcnpoaaHHhiX .; •. II 

' . .· pd . 
Cnnomnan Kpnaan noJ 
1.2 nenocpe,ncraenno 
peaKunn /1.1/ 6-bmo · 
npn. TP. = 1,08 T3B~ 

K. 6bmo BhJqncneno .1 
•• 0· . .. '• 

· () = 160. no 3Kcnepn 
me 3HeprHH H () = 15~ 
JoaaTh AaHHhie An» 

() = 169 ° f27/ ', TC 

MO)KHO nonyqHTh rpaH 

4,5 ± 1,33< 

Bhlqncnenne TP~ 
Bhi3BaHHhiX HnH nnOXI 
MaCCOBhiX nonpaBOK I 
o6naCThiO aHOManhHO: 
TanhHhiMH AaHHhiMH ~ 

P acqer 3Hepre· 
COAepmHT 3THX HeOllJ 
KpHTHtJHO. 

CneAyeT JaMeT: 
npOHCXOAHT ycpeAHeJ 
BepillHH AHarpaMMhi, 
o6nacrn cxoAHMOCTH : 
6peranoch H aMIInHT 
OmHAa Th, qTO llHKH : 
B AeiCTBHTenhHOCTH 
AeiCTBHTenhHO HMee1 
H p d -pacceHHHH Ha3~ 

,lJ;pyroi BOJMm 
BhlqncneHHH HHTerpa 



)l.(ecca p d -pacceHHHH 
:ceKaeTCH c nomocnoii: 
inTy.D:e peaKU.HH /1.3/. 
JlhJH CKJia.D:hiBaTh H Ha 

. lJOJIIOCHaH AHarpaMMa 
KaK OTBelJaiOT pa3HhiM 
. 3HaH H3 OnhiTa a 

1 

IITYAY AHarpaMMhi na 

l" .·· 2 I 
1
(q )--=..y y V(lt)x 

yJ 5 11 

/2.8/ 

panee H yKa3aHHhJe na 

/2.9/ 

riOrH'IHO TOMY, KaK JTo' 
l.2: 

da 
.-:--(pd ... 
·· d n 
' . C.li,.M. 

/2.'10/ 

: I 

3,IJ;eCh BCe BeJIH'IHHhl BhllJHCJIHIOTCH npH. q = 0 H 3KCTpanOJIHU.HH 
aMnJIHTYAhl peaKli,HH /1/ no Macce 11 ·Me3oHa npOH3BOAHTCH npH 
tiJnKcnpoBaHHhiX ·s H () . Ha pnc. 5 npnBe.D:eHhi pe3ynhTaThi paclJeTa. 

' pd CnnownaH.KpnBaH nonyqena c ncnoJih30BanneM pe3yJihTaTOB pa3Aena 
1.2 nenocpe.D:CTBeHHO no AHarpaMMe na pnc. 46. Ilpn 3TOM ceqenne 
peaKli,HH /1.1/ 6hiJIO OTHOpMHPOBaHO no 3KCnepHMeHTaJihHhiM .D:aHHhiM 

'npH T: = 1,08 r3B, 'ITO .D:aJIO K = 6,6.10 -.3 • c 3THM 3HalJeHHeM 
K 6hilo Bhi'IHCJieno TaK)I{e ce'lenne peaKU.HH /2.3/ npn TP = 670 MJB, 

~ () = 160 ° no 3KcnepnMeHTaJihHhiM AaHHhiM AJIH peaKU.HH /1.1/ npu Toii 
)l{e JneprHH n () = 154 ° . Pe3yJihTaT noKa3aH na pnc. 5. Ecnn ncnonh-
3oBaTh AaHHhie AJIH ce'leHHH peaKU.HH /2.1/ npn Tp = 665 MJB H 

() = 169 () h71 ·, TO H3 H3~Tonn'leCKHX NooTnowennii: /2.4/-/2.6/ 
MO)I{HO noJiylJHTh rpaHHll,hl AJIH OTHOWeHHH H e.3 . B /2.7/ 

N, 

4,5 ± 1,33 < N 3 IN :'S__) 2,1 ± 2.,3. 
. He t 

/2.11/ 

I I I. IIOJI.HPH3AIJJ10HHbiE 3<I><I>EKTbl 

Bhi'IHCJienne TpeyroJihHhiX AHarpaMM co.D:ep)I{HT PH.D: neTO'IHOCTeii, 
Bhl3BaHHhiX HJIH nJIOXHM 3HaHHeM BOJIHOBhiX H.D:epHhiX tiJyHKli,HH H BHe
MaCCOBhiX nonpaBOK HJIH orpaHHlJeHHeM B AHCnepCHOHHOM HHTerpaJie 
o6nacThJO anoMaJihHOro pa3pe3a. IloJTOMY cpaBnenne c 3KcnepnMen
TaJihHhiMH .D:aHHhiMH MO)I{HO npoH3BOAHTh JIHWh no nopHAKY BeJIH'IHHhL . 

PaclJeT JnepreTH'IecKoii H yrnoBoii 3aBHCHMOCTeii celJeHHH ne 
co.D:ep)I{HT 3THX neonpe.D:enennocTeii, noJTOMY TaKoe cpaBnenne 6onee 

KpHTHlJHO. 
Cne.D:yeT 3aMeTHTh TOJihKO, 'ITO npn HHTerpnpoBaHHH. no KOIITYPY 

npOHCXOAHT ycpe.D:HeHHe aMnJIHTYAhl peaKli,HH, BXOAHU{eH B OAHY H3 
BepWHH AHarpaMMhl, no o6JiaCTH 3HeprHH H yrJIOB, COOTBeTCTBYJOlll,eH 
o6nacTH cxo.D:HMOCTH HnTerpana. IIocKOJihKY 3THM ycpe,nnenneM npene-
6peraJIOCh' H. aMnJIHTy.D:a B.hiHOCHJiaCh H3 -nOA · HHTerpaJia, TO MO)I{HO 
O)I{H,naTh, 'ITO nHKH HJIH npoBaJihl, npe,ncKa3aHHhie TaKHM cnoco6oM, 
B AeHCTBHTeJihHOCTH oKa)l{yTCH . "pa3Ma3aHHhiMn". TaKaH CHTyau.nx 
AeiicTBHTeJihHO HMeeT MecTo B paclJeTax ce'lennx peaKU.HH /1.3/ I 12l 

n p d -paccexnnx na3a,n hoi. 
,!J;py~OH B03M0)1{110CThJO H36aBHThCH OT neonpe,neJieHHOCTeH B · 

BhllJHCJieHHH HHTerpaJia [ HBJIHeTCH paclJeT nOJIHpH3ali,HOHHhiX 

17 
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3tPtPeKTOB •. TaK KaK·f. 

TO H3 . IIOJUipH3aiJ;HOH 

IIOJUipH3aiJ;HOHHhie lip€ 

IIOnHIJ;HH BHpTyanhHOH 

.3. 

Bhlpa3HM IIOnH 

tiJeHOMeHOnOrH'IeCKYIO 

IIOnHpH3aiJ;HOHHOHMa1 

p 
/LV 

1 i 
--p +-f 
3 p.v '2 i 

d 
3,D;eCh p =g. - ~ 

/LV p.v · M 

BeKTopa IIOnHpn3an;m 

o6IIJ;eiipHHHTaH HOpMH 

MH 3Ha'IeHHHMH BeK 
s =-·ie · {3' i,a(3. tq 

113 /1.20/ liOn) 

I T12 .. 1 . T* - T ... , ,·, 
3 jl.v vp. · 

- _!_ T T*, , p , 
3 /LV II p. ·. W 

Hc1Ionh3YH PT
IIonyqaeM H3 /3.2/; 
,D;enTpon IIocne pac' 

peaKIJ;HH IIOnHpH3aiJ;HH 



0.12 

-,96 -~98 -1 

o e:t6oc. 
9:180° 

I 
( 

l: 
I 
I 

r 
I 

':. 

· . 31iJI)JeKTOB .. TaK KaK I nxo,n:HT B aMnnnry,n:y B nn)::(e o6~ero Mnomlirenn, 
TO H3 ·nonHpH3aiJ;HOHHbiX napaMeTpOB OH Bbma,n:aeT. KpoMe TOrO 
ITOITHpH3aiJ;HOHHbie npe,n:CKa3aHHH qaCTO He 3aBHCHT OT CITOC06a 3KCTpa· 
ITOITHIJ;HH. BHpTyanbHOii:•aMITITHTY.D:bl. 

3.1 rrd -pacceJtllue 

Bhipa3HM nonnpH3aUHOHHhie napaMeTpbi rrd -paccenuHH qepe3 
dJeHOMeHonorH'll.eCKYIO aMITITHTY.D:Y /1.201. ·,[(nn: 3TOrO BOCITOITh3yeMCH 
ITOITHpH3aiJ;HOIIHOH MaTpHu;eii: ITITOTIIOCTH ,n:mi CITHHa'lf2If. 

p 
fl.V 

( 

f.LVUA 

d d 

1 

3 13.11-

3,n:ecb p = g -~ ; S ld n 
f.LV f1.V ' M 2 A 

onpe,n:eneHbi n . hd. ,[(nn:. ·· 

d 
neKTopa nonn:pn3au;nn H TeH3opa KBa,n:pynonhnoro MOMeiiTa nw6pana 

o6~enpnn'n:Tan: nopMIIPOBKa' I oTnii'liHan: oT I 21 I I. Onii n:nnHIOTCH cpe,n:nn·- · 
MH JnaqeniiHMII neKTopa ,s; II TeH3opa 3 I s. s l-o .. s 2 , r.n:e · 

8 i.aff =-ie ia/3'- onepaTOP cnnna. ' i '
1 

lf3 11.201 nonyqaeM 

I T! 2 
"' 

1 
T T* + _j_ T 

3 ',p , p ' 2 
fl.V V fl. · fl./1 VV · fl.V 

da· 1.1 
T*, ,. p , £ .:._, S 

p.v · w · llJl'aA. M A.· 
d. 

13.21 

1 
T T *, , ·p , S 1'? 

3 fl.V V p. VV . /1.{1 . 

Hcnonh3YH PT·IIHBapiiaHTHOCTh II dJopMyny 1401 II3 pa6oThi 1221, 
nonyqaeM II3 /3.2/, 'liTO Henonn:pii30BaHHbiH B naqanhHOM COCTOHHIIII 
.n:eii:Tpon nocne paccen:niiH npiio6peTaeT nopManhHYIO K n_nocKOCTH 
peaKUHII nonn:pii3aUIIIO nenii'liHHhi 

~ r. 
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Jm T T*' , p , 'd fl!l II fl · VII· po = -( ' ._Jln /3.3/ 
flfl a• M . ' 

1' T*, , P ' p ' 
d 

fl II II fl . flfl w 

... ... ... ... 
rne ~ = [dxd']l![dxd'll· 

· KpoMe Taro y neiiTpouoB no.HBmieTc.H KBanpynonhHa.H non.Hpu3aU:n.H 

oo 
77d 

D n n 
i j i j 

31' 
iv 

T*, · , n n 
f/ j p !IV · i j 

T T*'-, , p , p , 
. /LV II 11 ' I'll · /1/L 

/3.4/ 

IlapaMeTp acnMMeTpnu nn11 11d -pacce . .HHH.H A ad onpenen.HeTc.H 
77 ~ 

KaK aCHMMeTpU.H pacce.HHU.H Ha nonHOCTbiO llOn.HpU30BaHHOU HOpManhHO 
K nnocKoCTH peaKu:nu' MUlllenu. B 3TOM cnyqae B /3.2/ cnenyeT nono
)f(UTh: 

s l.J = 0 ; s 1,.1 = n. 
0 •· 

5 2.1 = _1._ 5 1.Is1.1 1 
--p 

{lV 2 11 V 2 11 ~~ 

Torna u3 /3.2/ - /3.4/ ueTpynno nony'IHTh 

Ao 
po 

77d 

1 
1 +- 0° 

3 77 d 

/3.5/ 

B oTnn'!He oT cny'!a.H cnuua 1/2 3necb neT paBeHCTBa napaMeTpoB 
* ILCHMMeTpHH H nonHpH3aU:HU 

* . YTBep)Knenue o TOM, 'ITO nnn cnuna 1 A0 =3/2P 0
, conep)KaiUee-

c11 u /22/, .HBnneTcn cnencTBHeM Bhi6pannoro aBTopaMH 3TOii pa6oThi 
onpcncneuu.H napaMeTpa A0 , oTnH'!Horo OT o6IUenpunnToro. 

20 

· Ecnu iKe pace 

nonnpHJau:un paaua F 

TO B03HUKaiOI.QaH aCH?. 

( 

3PP 0 

77 

2 + D(l· 

IlpencKaJanun 
nuarpaMMbi na puc. 
c nonnpu3oBaHHbiMH 1 

/1.3/ u ne non)f(ua ME 
TaKaH iKe acu 

paccenuuu na nonn 
BKnanoM KBanpynonb 
TaK KaK on nponopum 

Pacc'lnTaeM TE 
nnn Mexauu3Ma onnm 

lf3 dJopMynhi ;: 
'ITO aCUMMeTpUH,' B03 
BaHHOH neiiTepueBc 

11 d -paccennuu u na 
B TOMH npyroM npou 
COOTHOllleHHHMH/1.2! 

IlycTb · Tenepb J 

K nnoCKOCTH peaKI.J;HH 
npOCYMMHpOBaB no Cl 

I 'A 1
2

"" T T *, 
flV V fl 

* IlapaMeTpbi, 
cuTenbuo () = .!L J 

2 



,' 

/3.3/ 

/3.4/ 

HH A~ d (o~pe.nen.HeTCH 
pH30BaHHOH HOpManhHO 
n /3.2/ cne.nyeT nono-

/3.5/ 

: paBeHCTBa napaMeTpOB 

A0 =3/2P 0
, co.nepJKal.l.lee

, aBTOpaMH 3TOH pa60Thl 
nenpHHHToro. 

i 

J 

I 
,'i 

EcnH me pacce.HHHe npoHCXO.IJ.HT na .neiiTpouax, y I<OTOphiX · 

' ... 
nomipHJaUHH panna P • n, a· I<na.npynonHpH3aUHH D D

' 3 1 = (-n n - ,;_o ), 
2 i i . 2 ij 

TO B03HHI<aiOl.l.la.Sl aCHMMeTpH.Sl f , panna 

2+D(l+D 0
) 

1Td 

i i 

3.2. PeaKlJWl p + d .... t + + 
1T 

/3.6/ 

Ilpe.nci<a3aHHH MexaHH3Ma Py.nepMaHa npocTo BhiTei<aiOT 113 
.n.HarpaMMhi ua pHc. 1. AcHMMeTpml ceqeuHH pacceHHHH B onbiTe 
C nonHpH30naHHbiMH npOTOHaMH .IJ.OflJKHa 6biTb Tai<aH JKe, I<ai< B peai<IIHH ' ' ' * 
/1.3/ H He .IJ.OflJKHa MeHHTbCH npH 3aMeHe 8 Ha 7T ..;.. 8 , . 

Tai<aH )I<e acHMMeTpHH, no c .npyrHM 3Hai<oM, no3HHI<aeT npu . 
pacceHHHH ua nonHpH3onaHHbiX .neiiTpouax. Jleri<o noi<a3aTb, 'tJTO 
ni<na.noM I<aa.npynon~>uoii , nonHpH3aiiHH .neiiTpouoB :Momuo npeue6pe'tJh, 
Tai< I<ai< on nponopuHoHaneu Q 2 , I<oropoe C'tJHTaeTc.H Man~>IM. 

P acc'tJHTaeM Tenepb nonHpH3aiiHOHHbie 34J4Jei<Thi B peai<UHH I 1.1/ 
' .IJ.flH MeXaHH3Ma O.IJ.HOllHOHHOrO o6MeHa. 

ll3 <iJopMynhi /1.21/ H: H3 .nuarpaMMhi na pHc. 3 neri<o ynH.neTh, 
'tJTO aCHMMeTpHH~ n03HHI<aiOIIIaH .B Ce'tJeHHH peai<IIIIH /1.1/ Ha nonHpH30· 
naHHOH .neiiTepHenoii MHIIIeHH, panna aCHMMeTpHH n , ynpyroM 

11 d -pacceHHHH H .naeTCH <iJopMynoii /3.6/. IlpH 3TOM yrnhl pacceHHHH 
n TOM H .npyroM npouecce .nnH o6ecneqeuHH 3Toro paneucTBa cnH3aHbi 
COOTHOIIIeHHHMH/1.25/- /1.26/. . . 

1 

IlyCTh · Teneph na.naiOl.l.lHe npOTOHbl nonHpH30naHhl B.IJ.Oflb HOpManH 
I< nnoci<oc.:m peai<IIHH. B 3TOM cnyqae H3 /1.21/ npH q = 0 nonyqaeM, 
npocyMMHponan no CllHHaM .npyrHX 'tJaCTHII, 

(p ,+ic ,. 
flfl · flfl a i 

* 

d'. 
-n.) 
M , ' 

/3.7/ 

IlapaMeTphi, onpe.nenHIOIIIHe aCHMMeTpHlO nonHpH3aiiHH OTHO-
CHTenbHO 8 = .1L n peai<IIHH /1.3/, npeue6peJKHMO Maflhl f23/. 

2 r 
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0TCIO,IJ;a H H3 /3.3/ BH,Il;HO, "'TO aCHMMeTpHH pacceHHHH paBHa 
nonHpH3al.(HH ,IJ;eHTpOHOB OT,IJ;atJ:H B . 17 d -pacceHHHH. 

Cne,IJ;oBaTenhuo, acHMMeTpHH B onhiTax c nonHpHJonannhiMH 
npOTOUaMH H nonHpH30BaUHhiMH ,IJ;eHTpOHaMH npH O,IJ;HUaKOBOH CTeneHH 
non.HpHJaUHH ue paBHhi ,IJ;pyr ,IJ;pyry. EcnH KBa,IJ;pynonHpH3aUHH ,IJ;eiiTpo
·uon paBHa HyniO, TO H3 /3.6/ cne,IJ;yeT, "'TO OHH CBH3aHhl K03¢¢HUHeUTOM 
3/2. 

TaKHM o6pa30M, npe,IJ;cKaJanHH ,IJ;Byx Mo,IJ;eneii ,IJ;nH nonHpH3aUHOU-
llhiX 3¢¢eKTOB B peaKI.(HH /1.1/ Cyll.(eCTBeHUO OTnHtJ:aiOTCH. . . 

3.3. p t ~pacce.RHue 11aaao 

~ ITpe~,IJ;e ncero OTMeTHM, "'TO npH BHpTyanhHOM pacna,IJ;e H,IJ;p~ 

TpHTHH Ha n H d Ha ,IJ;HarpaMMaX 4a H 46 KBa,IJ;pynonHpH3al.(HH B03HH· 
I<aiOll.(HX ,IJ;eiiTpouon npeue6pe~HMO ·:Mana:- TaK KaK oua nponopuHoHanhHa 
I<Ba,IJ;paTy OTUOCHTenhHOro HMnynhca n H _d • IT03TOMY npH pacceHIIHH 
Ha nonHpH30BaUHOH TPHTHeBOH MHllleUH B CetJ:eHHH B03HHI<aeT Tai<aH ~e 
aCHMMeTpHH I<ai< .H npH 11 d -pacceHHHH HnH .B peaKI.(HH /1.1/ ua ,IJ;eHTpO_. 

· Hax c nonHpH3aUHeii, n 2/3. pa3a · MeHhllleH:, H KBa,IJ;pynonHpHJauHeii, 
,paauoii HyniO. TaKaH ~e acHMMeTpHH, no c o6paTHbiM JHaKoM B03UHKaeT 
B cnyqae, Kor,IJ;a nonxpH30BaUhi na,IJ;aiOmHe npoTOHbi. 3aMeTHM, "'TO 
3THM CBOHCTBOM o6na,IJ;aiOT BCe peaKI.(HH pacceHHHH Ha3a,IJ; Ha H,Il;pax, 
B I<oTophiX ,IJ;OMHUHpyeT O,IJ;HonHOHHhiH MexaHH3M. 

ABTOpbl 6naro,IJ;apHhl JI.M.JianH,IJ;ycy Ja BUHMaHHe K pa6oTe 
H noneJUbie JaMetJ:aHHH, a Tai<~e B.H.KoMapony H O.B. CantJ:euKo Ja 
HHTepecuoe o6cy~,IJ;eHHe. 
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